[Nature 313, 293 (1985)] postulated that hydrous silicates could have been produced by reaction with unfrozen water on carbonaceous chondrite parent bodies. Calorimetric experiments demonstrate that carbonaceous chondrites can host unfrozen water [
Humic substances (HSs) are the natural organic polyelectrolytes formed from the biochemical weathering of plant and animal remains. Their macromolecular structure and chemistry determine their role in biogeochemical processes. In situ spectromicroscopic evidence showed that the HS macromolecular structures (size and shape) vary as a function of HS origin (soil versus fluvial), solution chemistry, and the associated mineralogy. The HSs do not simply form coils in acidic or strong electrolyte solutions and elongated structures in dilute alkaline solutions. The macromolecular structural changes of HSs are likely to modify contaminant solubility, biotransformation, and the carbon cycle in soils and sediments.
Aqueous humic substances (HSs) exist primarily as soluble ions at low concentration and form colloids and precipitates at high concentration and when they react with cations and protons (1, 2) . These changes can alter the HS macromolecular structures and subsequently affect the chemistry of HS coatings on mineral and colloid surfaces, the stability of organomineral aggregates, and the retention of pollutants and C in soils and sediments (3) (4) (5) . Hence, direct information on the magnitude of changes in HS macromolecular structures, as a function of solution and substrate mineral chemistry, and their origin is critical for understanding the geochemical reactions mediated by natural organic molecules (6) .
To test the influence of these parameters on natural organic molecule configuration, we conducted experiments on humic and fulvic acids isolated from river water (Suwannee River, Georgia), peat (Belle Glade, Florida), and soil (Mollic Epipedon, Illinois) samples. Fulvic and humic acid samples were the HS fractions isolated at alkaline and acidic pH, respectively, by the International Humic Substance Society and have been previously characterized (7, 8) . The solution compositions tested were pH (2 to 12, adjusted with HCl or NaOH), ionic strength (0.01 to 2 M NaCl or 0.01 to 2 M CaCl 2 ), HS concentration (0.03 to 10 g of C liter ). The influence of substrate mineralogy was examined for goethite (␣-FeOOH), calcite (CaCO 3 ), and clays (kaolinite and montmorillonite), which are common to several soils and sediments (9) . To correlate the macromolecular structures of isolated HSs with those of undisturbed natural samples, we also examined soil organic molecules in their pristine stage (organic molecules not extracted from surrounding soil matrix) for an Ultisol (Aquic Tropohumult, Puerto Rico) and an Alfisol (Kesterson Reservoir, California). These soils formed under contrasting chemical conditions with pH values of 5 and 8.0, respectively, and an organic C concentration of 1.5 and 0.3%, respectively. The macromolecular structures of HSs under these chemical conditions were examined directly at the high-resolution spectromicroscopy facility at the Advanced Light Source [Lawrence Berkeley National Laboratory (LBNL)] (10). The sample images were collected at the following x-ray photon energies: in the water window (516.6 eV) and at the Fe L (697 and 706 eV) and Cu L (933 and 936 eV) absorption edges. The contrast in images collected at the water window is dominated by the mass absorption of C and N atoms in the sample and helps in the determination of HS macromolecular structures. The images at the Fe and Cu edges, together with those obtained at the water window, are useful for examining cation and mineral association with HSs.
We examined the Suwannee River fulvic acid isolates with an x-ray microscope and found that they did not exhibit any measurable structures below a HS concentration of 1.0 g of C liter
Ϫ1
. As the concentration was increased above 1.3 g of C liter
, HSs formed aggregates of different shapes and sizes ( Fig. 1) . In dilute, acidic, high-ionic-strength NaCl solutions, HSs predominantly formed globular aggregates and ringlike structures (Fig. 1A) . As the fulvic acid concentration was increased, large sheetlike structures also formed and enclosed these smaller structures. Visible coiling was uncommon, and the HSs dispersed completely into aggregates of small size (Ͻ0.1 m) in solutions of pH Ͼ 8.0 (Fig. 1B) . Although the addition of 1 M NaCl did not favor coiling under these alkaline conditions, concentrated HS solutions formed globular aggregates bound together with thin films of HSs. Additions of diand trivalent cations to HS solutions promoted their precipitation at low C concentration and displayed macromolecular structures different from those formed in the presence of monovalent ions. In dilute fulvic acid solutions of Ca , the fulvic acids formed thin thread-and netlike structures (Fig. 1, C and D) . As the fulvic acid and cation concentrations increased, these structures grew larger and formed rings and sheets (see Web fig. 1 , available at www.sciencemag.org/feature/data/ 1043547.shl).
In contrast with the fluvial humics, the low solubility of soil and peat HSs promoted their precipitation at a much lower HS concentration than the fluvial isolates (ϳ 0.25 g of C liter Ϫ1 for soil fulvic acid in acidic NaCl solutions and at a lower concentration for humic acids and HSs in the presence of complexing cations). Although similar macromolecular structures were noticed for fluvial and soil HSs below a pH of 8.0, the latter ar- The presence of minerals completely altered the HS macromolecular structures in aqueous solutions. At low HS concentration (less than the aqueous saturation), sorption of HSs was evident by the formation of thin coatings on the mineral surfaces; these coatings could only be identified with the surface-sensitive photoemission spectromicroscopy methods. In saturated soil HS solutions of pH 2 to 10, clay minerals, goethite, and fine-sized calcite formed organomineral aggregates with thick HS coatings, which occurred as cement between mineral grains (Web fig. 2 ). Although the soil humic and fulvic acids displayed the same types of aggregate structures with minerals in alkaline solutions (pH Ͼ 8.0), soil humic acids predominantly formed aggregates that were less dense, mineral poor, and organic rich in the pH range of 2 to 7. As the HS concentration was increased well above its aqueous saturation, HSs formed thick coatings around minerals, irrespective of their composition. In addition to these organomineral structures, all of the mineral samples (except those in dilute HS solutions) also exhibited separate HS aggregates without any minerals, in globular and sheetlike forms. Although fluvial HSs showed similar behavior with mineral matrices, detectable organomineral aggregates formed at high HS concentration (Ͼ1.5 g of C liter Ϫ1 ) only. Unlike soil HSs, fluvial fulvic and humic acids did not exhibit variation among their organomineral aggregate structures.
Humic substances not extracted from their surrounding soil matrices exhibited structures similar to those of isolated soil HS-mineral aggregates, as a function of HS concentration and pH. The pine Ultisol with high organic C content and low pH showed Ͼ100-nm-thick layers of organics on soil minerals, whereas the Alfisol with low C content, high pH, and high amount of dissolved salts showed thin organic coatings on minerals. Additions of salt solutions and increases in pH did not modify the organomineral aggregate structures in the pine Ultisol, but their size decreased notably at pH Ͼ 8.5 (Fig. 2, C and D) . This resiliency of organomineral complexes is surprising because Fe oxides (and other common soil minerals) and humics bear a negative charge at those pH values and result in the dispersion of HS-mineral complexes exposing bare Fe oxide surfaces (11) . These results indicate that the mineral surface chemistry plays a minor role in determining the HS macromolecular structures at high HS concentration. The similarities between the macromolecular structures of organomineral complexes in soils and those of isolates suggest that the results obtained from the latter can be applied to understand the behavior of HSs in soils and sediments.
We conclude that the type and concentration of HSs (fluvial versus soil) and electrolytes, pH, and mineral phases determine the macromolecular structures of humic materials. The changes in HS macromolecular structures associated with solution chemistry may be caused by the protonation, deprotonation, and metal complexation of HS functional groups. The noted differences between the macromolecular structures of HSs of different origin are a reflection of the low solubility, higher aromatic C content, and the low carboxyl content of soil materials relative to fluvial humics (1-6). These results indicate that HSs exhibit more than one type of macromolecular structure in aqueous solutions, as opposed to the notion that HSs form rings in acidic and high ionic strength solutions and elongated structures in alkaline solutions (12) . Globular and net-, ring-, and sheetlike structures have also been reported for soil HSs on substrate surfaces, such as mica and electron microscope sample substrates (13) (14) (15) (16) (17) (18) . As shown in this study, macromolecular structures of HSs associated with mineral oxides may not necessarily represent those in solution.
Changes in the HS macromolecular structures can modify the exposed surface area and alter the functional group chemistry of HSs, such as protonation and cation complexation. The common occurrence of HSs in more than one type of structure under pH conditions typical to the natural systems can substantially affect the biogeochemical processes in soils and sediments and the properties of aquatic colloids (1) (2) (3) (4) (5) . In acidic soils and sediments with high C content, HSs can form dense structures with a low ratio of surface area to volume, in comparison to that of the alkaline soils. These structures can restrict the accessibility of micropores of HS aggregates to microorganisms and oxygen diffusion and thus inhibit the oxidation of organic matter and facilitate the stabilization of organic C by soils (3) (4) (5) . Although fresh organic matter inputs are typically low in alkaline soils worldwide, the occurrence of HSs as open structures with high surface area under these conditions may also aggravate the C retention by alkaline soils (4, 19) . For the same reasons, differences in HS macromolecular structures can also modify the intensity and rates of sorption, desorption, and biotransformation of contaminants (such as pesticides and chlorinated solvents) in soils and sediments (3, 5) . Differences in the macromolecular structures of mineral-complexed HSs (with respect to size and C content) affect the properties of organomineral aggregates and control the chemistry of C retained by minerals in a soil profile, thus influencing the soil and sediment solution chemistry and their biogeochemical processes. These chemical and structural interactions of HSs can be explored directly with the high-resolution in situ x-ray spectromicroscopy methods. Spin-dependent tunnel junctions based on magnetically hard and soft ferromagnetic layers separated by a thin insulating barrier have emerged as prime candidates for information storage. However, the observed instability of the magnetically hard reference layer, leading to magnetization decay during field cycling of the adjacent soft layer, is a serious concern for future device applications. Using Lorentz electron microscopy and micromagnetic simulations, the hard-layer decay was found to result from large fringing fields surrounding magnetic domain walls in the magnetically soft layer. The formation and motion of these walls causes statistical flipping of magnetic moments in randomly oriented grains of the hard layer, with a progressive trend toward disorder and eventual demagnetization.
Origin of Magnetization
The resurgence of interest in magnetic thin films has been driven by the discovery of large magnetoresistance (MR) effects in multilayered films (1-3), spin-valve structures (4), and tunnel junctions (5, 6) . Typically, spin-dependent magnetic tunnel junctions (MTJs) consist of ferromagnetic (FM) layers separated by a thin insulating barrier, which is most often alumina. When the magnetization directions of the FM layers are parallel, there is a high probability of electrons with like spins tunneling between layers, and the resistance (R) is low. Conversely, when the magnetization is antiparallel, the tunneling probability is low and R is high. Devices based on the MR effect, such as magnetic
